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PRESSURE DETECTING APPARATUS UTILIZING 
ELECTROMAGNETIC COUPLING 

Field of the Invention 

[0001] The present invention relates to a pressure 

detecting apparatus, and particularly to a pressure detecting 
apparatus that utilizes electromagnetic coupling caused by 
coils. 

Background of the Invention 

[0002] Till now, various apparatuses for measuring 

pressure applied by an object against a sensor section and an 
amount of displacement thereof have been developed. In JP 
Laid-open No. 9-113203, for example, a sensor using a 
differential transformer is disclosed. This sensor is designed 
to detect the relative amount of displacement between a core 
and a differential coil to thereby determine an amount of 
displacement of an object. Since each of the core and the 
differential coils has a thickness, respectively, it is 
difficult to comprise them in a thin sheet. Thus, it has been 
difficult to apply such a sensor to a pressure distribution 
detecting apparatus. 

[0003] There are various types of pressure distribution 

detecting apparatuses for detecting pressure distribution by 
means of a thin sheet, which include the apparatus using a 
pressure-sensitive rubber, the apparatus using electrostatic 
coupling and so on. For example, a pressure detecting apparatus 
using a pressure-sensitive rubber is disclosed in JP Laid-open 
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No. 57-100331. This pressure detecting apparatus is designed, 
e.g. for a purpose of conducting performance assessment tests 
on seats for automobiles use, to lay a pressure detecting 
apparatus made from a pressure-sensitive rubber sheet onto a 
seat to determine the pressure distribution. Besides, the 
pressure detecting apparatus utilizing electromagnetic 
coupling to be used for the same usage is disclosed in JP 
Laid-open No. 62-226030, for example. This apparatus is also 
designed to use a sensor formed in a sheet to determine pressure 
distribution . 



[0004] Patent Document 1 

Patent Document 2 
Patent Document 3 



JP Laid-open No. 9-113203 
JP Laid-open No. 57-100331 
JP Laid-open No. 62-226030 



Summary of the Invention 

[0005] As described above, although the sensor using a 

differential transformer can detect a part of pressure, it cannot 
be applied for detecting pressure distribution over a wide area. 
Besides, the pressure detecting apparatuses using 
pressure-sensitive rubber or electrostatic coupling are easily 
affected by noises due to their relatively-high impedance, and 
it has been therefore difficult to make the sensor in a large 
size. Such an effect caused by noises might be tolerable for 
a sensor if the sensor is constructed in such a size that is 
used for performance assessment of car seats or the like. 
However, in such a case that, for example, the pressure detecting 
apparatuses are bedded over floors in a shop to investigate the 
movements of visitors or are used for security purpose, it has 



3 



been difficult to determine the pressure distribution with the 
pressure detecting apparatuses since they receive too much 
effect of noises. 

[0006] Taking the above-described problem into 

consideration, it is an object of the present invention to 
provide a pressure detecting apparatus that utilizes 
electromagnetic coupling to thereby enable it to have low 
impedance, to be less affected from noises and to be constructed 
in a large size. 

[0007] In order to achieve the foresaid object of the 

present invention, the pressure detecting apparatus utilizing 
electromagnetic coupling according to the invention comprises: 

a sensor section including first coils, second coils 
provided such that they are superimposed with the first coils, 
and a first cushion member provided between the first and second 
coils, 

a drive circuit for driving either of the first and second 
coils, and 

a detecting circuit for detecting pressure to be applied 
against the sensor section based on signals resulting from 
electromagnetic coupling from the other of the f ijrst and second 
coils. 

[0008] The sensor section may further include third coils 

to be provided at a position being on the second coils and 
opposing to the first coils such that they are superimposed with 
the second coils, and a second cushion member having a modulus 
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of elasticity that is different from that of the first cushion 
member. 

[0009] Further, the first and third coils may be wired such 

that they counteract the magnetic field, the drive circuit may 
be configured to cause the first and third coils to drive, and 
the detection circuit may be configured to detect signals 
resulting from electromagnetic coupling from the second coils. 

[0010] In addition, the drive circuit may cause the second 

coils to drive, and the detection circuit may detect the 
difference of signals resulting from electromagnetic coupling 
from the first and third coils. 

[0011] In this case, the detection circuit may include a 

differential amplifier, and the difference of signals may be 
detected by inputting the signals resulting from 
electromagnetic coupling respectively from the first and third 
coils to the input terminal of the differential amplifier. 

[0012] Furthermore, the measurements of the pressure 

distribution may be effected by disposing a plurality of sensor 
sections in matrix state, connecting the respective first coils 
in series in the direction of the X-axis to form a plurality 
of rows of the coils, connecting the respective second coils 
in series in the direction of the Y-axis to form a plurality 
of rows of the coils, and connecting the respective third coils 
in series in the direction of the X-axis to form a plurality 
of rows of the coils. 
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[0013] Alternatively, the measurements of the pressure 

distribution may be effected by disposing a plurality of sensor 
sections in matrix state, connecting the respective first coils 
in series in the direction of the X-axis to form a plurality 
of rows of the coils and connecting the respective second coils 
in series in the direction of the Y-axis to form a plurality 
of rows of the coils. 

[0014] In this configuration, the rows of coils other than 

the rows of coils to which the drive circuit or the detection 
circuit is connected can be disconnected or opened. 

[0015] Further, a switching means for connecting the rows 

of coils in turn to the drive circuit or the detection circuit 
may be included in the pressure detecting apparatus. 

[0016] Alternatively, the apparatus may be configured such 

that one end of each of the whole coil rows is grounded and the 
other end is connected with the drive circuit or the detection 
circuit, that the drive circuit includes a plurality of current 
drivers that drive each of the plurality of rows of coils to 
be driven with different wave forms, respectively,, and that the 
detection circuit includes a current amplifier for receiving 
signals from the plurality of coil rows, respectively, and a 
plurality of synchronous detection sections for separating the 
respective wave forms. 



[0017] 



Each coil forming the coil rows may be a planar coil 
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in a polygonal shape, such as schematically-square and octangle, 
which is separated to the right and left sides at its 
substantially-central portion, and may be connected to the 
neighbor coils in series, 

[0018] Preferably, the detection circuit further includes 

a current amplifier whose input impedance is made close to zero. 

[0019] Preferably, the drive circuit includes a current 

driver of which output impedance is set to a high value. 

[0020] Furthermore, the central portions and/or 

peripheral areas of. the coils may be made hollow. 

[0021] The pressure detecting apparatus utilizing 

electromagnetic coupling according to the present invention has 
an advantage in that it can be made in a large size since it 
is less affected from noises. In addition, since the detection 
circuit has no complex configuration and the sensor section is 
constructed with coils, the pressure detecting apparatus can 
be produced cheaply even though it is made in a large size. 
Moreover, the sensor section made in the thin sheet form can 
be manufactured easily by employing a process tp form a coil 
pattern with flexible base plates or the like. 

Brief Description of the Drawings 

[0022] FIG. 1 is a schematic lateral cross-section for 

explaining the pressure detecting apparatus of Example 1 
according to the present invention; 



[0023] FIG. 2 is a top view for explaining the pressure 

detecting apparatus of Example 1 according to the present 
invention; 

[0024] FIG. 3 is a view for explaining the coils in another 

shape to be used for the pressure, detecting apparatus according 
to the present invention; 

[0025] FIG. 4 is a view for explaining the coils in a still 

another shape to be used for the pressure detecting apparatus 
according to the present invention; 

[0026] FIG. 5 is a view for explaining the coils in a still 

another shape to be used for the pressure detecting apparatus 
according to the present invention; 

[0027] FIG. 6 is a schematic top view for explaining the 

other connection configuration in the pressure detecting 
apparatus of Example 1 according to the present invention; 

[0028] FIG. 7 is a schematic lateral cross-section for 

explaining the pressure detecting apparatus of, Example 2 
according to the present invention; 

[0029] FIG. 8 is a schematic view for explaining the 

connection configuration in the pressure detecting apparatus 
of Example 2 according to the present invention; and 
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[0030] FIG. 9 is a schematic view for explaining another 

connection configuration in the pressure detecting apparatus 
of Example 2 according to the present invention 

De-tailed Description of the Preferred Embodiment 

[0031] Now, the best mode for carrying out the present 

invention will be explained in the following with referring to 
the appended drawings. Note that, though a pressure detecting 
apparatus, in which coils are disposed in a matrix state in both 
directions of the X-axis and the Y-axis to capacitate the 
apparatus to determine the distribution of pressure will be 
explained in the following examples, it is not intended to limit 
the present invention to those examples. The pressure detecting 
apparatus according to this invention can naturally detect 
pressure by means of a set of sensors functioning as a minimal 
unit in such a case that it is not necessary to determine the 
distribution of pressure but is required to simply measure 
pressure . 

[0032] FIG. 1 is a schematic lateral cross-section for 

explaining the pressure detecting apparatus of Example 1 
according to the present invention. FIG. 2 includes a schematic 
top view of the pressure detecting apparatus and a.block diagram 
of the drive circuit and the detection circuit. As it is 
understandable from FIG. 1, a plurality of first coils 1 and 
a plurality of second coils 2 are respectively disposed to the 
upper and under sides of a first cushion member 3 being disposed 
in between the first and second coils. As can be seen from FIG. 
2, the first and second coils are arranged such that they are 



superimposed to each other in a matrix state, and a plurality 
of coil rows are formed by connecting the plurality of first 
coils in series in the direction of the X-axis and connecting 
the plurality of second coils in series in the direction of the 
Y-axis, 

[0033] The coil rows formed as described above are 

connected to a control section. The control section comprises 
a drive circuit, a detection circuit, an MPU or the like. The 
detection circuit is connected to the coil row formed with the 
first coils 1 and the drive circuit is connected to the coil 
row formed with the second coils 2. The detection circuit 
comprises, for example, a current amplifier 7, a synchronous 
detection section 8 and an AD conversion section 9, and they 
are connected to the coil rows consisting of the first coils 
1 in turn with use of a switching section 10. The drive circuit 
comprises, for example, an oscillator 4 and a current driver 
5, and the coil rows consisting of the second coils 2 are 
connected to the drive circuit in turn with use of a switching 
section 6 so that the coil rows are driven. 

[0034] In addition, an MPU 11 for controlling the switching 

sections 6 and 10 is connected to the switching sections 6 and 
10. The MPU 11 also performs processing such as pressure 
measurements upon receipt of signals having been detected by 
the detection circuit. 

[0035] The respective coils may be patterned so that they 

can be formed in single layer, which allows to produce them with 
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a low cost. More specifically, as shown in FIG. 2, the coil rows 
are formed by dividing a roll of planar coil having an octagonal 
shape to the right and left at the approximately central portion 
thereof and then connecting the divided coils to the neighbor 
coils in series. The one end of the coil row is connected to 
the drive circuit or the detection circuit via the switching 
section 6 or 10, and the other end is grounded. When said one 
end is not connected to the drive circuit or the detection circuit, 
the coil row is rendered in a disconnected state so that the 
other coil rows may not be influenced. Besides, the switching 
sections 6 and 10 may comprise a multiplexer or the like. 

[0036] Note that the shape of the coil is not limited to 

octagonal, and it may be polygonal such as hexagonal, round, 
or approximately square as shown in FIG. 3. When it is required 
to increase the winding times of the coil, coils each having 
been wound plural times may be connected in series as shown in 
FIG. 4. Alternatively, it is also possible to provide the wiring 
of the coil rows so that the coil rows could be doubled, while 
the part of the respective coils can be formed in single layer. 

[0037] The output impedance of the current driver in the 

drive circuit is. preferably made at a high value. , Further, the 
current amplifier 7 in the detection is configured so that the 
input impedance is made at a value approximate to zero, and the 
current amplifier is configured such that one input terminal 
of the current amplifier is grounded and the other is directly 
inputted with outputs from the coil rows consisting of the first 
coils 1 and is connected with a feedback resistance . The current 
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having been amplified with the current amplifier 7 is inputted 
to the synchronous detection section 8. To the synchronous 
detection section 8, outputs from an oscillator 4 are also 
connected. Then, the outputs from the oscillator and signals 
resulting from electromagnetic coupling are synchronized, 
converted into digital signals in an AD conversion section and 
inputted to the MPU 11 where processing required for the pressure 
detection is carried out. In this way, since the magnitude of 
the electromagnetic coupling in the respective coils opposing 
to one another varies depending on the distance therebetween, 
the processings to detect pressure to be applied against the 
coils is carried out based on quantities of change in the 
electromagnetic coupling . 

[0038] The procedure for measuring pressure with the 

pressure detecting apparatus constructed as described above 
will be explained in the following. When the first coils are 
used as a detection surface and the second coils are used as 
a driving surface, the current driver 5 is connected to one of 
the coil rows consisting of the second coils 2 with use of the 
switching section 6. On the other hand, the coil rows consisting 
of the first coils 1 are respectively connected with the current 
amplifier 7 in sequence with use of the switching section 10. 
All of the coil rows consisting of the first coils 1 were 
connected in sequence to the current amplifier 7, the connection 
of the current driver 5 having been connected by the switching 
section 6 is changed over to a coil row next to the connected 
coil row consisting of the second coils 2. Then, the coil rows 
consisting of the first coils 1 are connected again in sequence. 
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This procedure is repeated so that all of the coil rows are 
connected to the drive circuit or the detection circuit in 
sequence . 

[0039] When alternating current is applied to the coil rows 

consisting of the second coils 2, AC electromotive force is 
induced in the coil rows consisting of the first coils 1 as well 
due to the phenomenon of electromagnetic coupling by coils. The 
magnitude of the electromotive force generating from 
electromagnetic coupling varies depending on the respective 
distance between the opposing coils. When pressure is applied 
against a portion on a plurality of first coils, the first coils 
are bent because the first cushion member 3 is provided between 
the first coils and the second coils. When the upper coils are 
bent, the magnitude of electromagnetic coupling between the 
opposing coils is changed, which causes the current arising from 
the second coils to change. Therefore, it is possible to 
determine in which portion a change in signals resulting from 
electromagnetic coupling by the coils occurs. 

[0040] Alternatively, without using the switching 

sections, the drive circuit or the detection circuit may be 
connected to all of the coil rows, respectively. , FIG. 6 shows 
an example where the drive circuits or the detection circuits 
are connected to all of the coil rows, respectively. The current 
amplifiers 7 and the synchronous detection sections 8 are 
connected to the coil rows consisting of the first coils 1, 
respectively. Besides, to the respective coil rows consisting 
of the second coils 2, the current drivers 5 are connected, 
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respectively. The plurality of current drivers 5 drive the 
respective coil rows with different wave forms, simultaneously. 
Then, at the detection circuit side, signals from the plurality 
of coil rows are received by the current amplifiers 7, 
respectively, and the respective wave forms are separated and 
then detected in the synchronous detection sections 8, 
respectively, to thereby measure the pressure distribution in 
the coils being disposed in a matrix state. 

[0041] Note that the first and second coils can be 

manufactured by forming a coil pattern on a flexible substrate 
consisting of polyimide or the like. These coils are used for 
detecting pressure based on the bending of the upper coils. 
Therefore, the central portion and/or peripheral area of the 
coil may be made hollow so that the coil pattern can bend more 
easily. In such a case, the portions on the flexible substrate 
other than the portions on which the coil pattern is formed are 
bored to make them hollow, for example. 

[0042] Now, the pressure detecting apparatus of the second 

example according to the present invention will be explained. 
Unlike the first example where two coil layers are formed on 
upper and lower sides, one more coil layer is supplemented to 
then use three layers in total in this example, as shown in FIG. 
7. Specifically, as shown in FIG. 7, third coils 21 are provided 
under the second coils 2 via a second cushion member 20. For 
the second cushion member 20, a material having a modulus of 
elasticity different from that of the first cushion member 3 
must be used. This material may be a hard spacer unlike the 
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material used for the first cushion member that has cushiony 
property. By using materials with different moduli of 
elasticity, the distances between the first and second coils 
and between the second and third coils when pressure is applied 
will differ from each other, whereby detection of the difference 
can be made easier. 

[0043] FIG. 8 is a schematic view for explaining the 

connection configuration in the pressure detecting apparatus 
of the second example according to the present invention. In 
FIG. 8, the respective layers are shown in expanded views in 
order to facilitate understanding of the connection 
configurations of the coil rows formed on the respective layers. 
When the three coil layers are used, for example, the first coils 
1 and the third coils 21 are wired so that the magnetic field 
can be counteracted or opened. In the example shown in FIG. 8, 
the first coils 1 are wound reversely relative to the winding 
direction of the third coils 21. Then, the drive circuits are 
connected to the coil rows consisting of the first coils 1 and 
the coil rows consisting of the third coils 21. Specifically, 
the drive circuits are connected to the coil rows consisting 
of the first coils 1, and the coil rows consisting of the first 
coils 1 and the coil rows consisting of the thirgl coils 21 are 
connected in series. Besides, the detection circuits are 
connected to the coil rows consisting of the second coils 2 in 
order to detect signals resulting from electromagnetic coupling 
from the coil rows consisting of the second coils 2. With such 
a connection configuration, the changes of the first and third 
coils relative to the second coils can be detected differentially, 



15 



whereby such effects to increase the detection accuracy and to 
be less affected from noises can be attained. 

[0044] FIG. 9 is a schematic view for explaining another 

connection configuration in the pressure detecting apparatus 
of the second example according to the present invention. In 
FIG. 9, the layers are shown in the expanded views, respectively, 
in order to facilitate understanding of the connection 
configurations of the coil rows on the respective layers. For 
example, as shown in FIG. 9, the apparatus is designed such that 
the coil rows consisting of the second coils 2 are connected 
to the drive circuits to drive the coil rows, and that the 
difference between the signals resulting from electromagnetic 
coupling from the coil rows consisting of the first coils 1 and 
those consisting of the third coils 21 is detected to thereby 
detect pressure. In this case, the winding directions of the 
first coils 1 and the third coils 21 are same. Then, in this 
example, a differential amplifier 22 is used for detecting the 
difference between signals from the first coils 1 and the third 
coils 21, and the coil rows consisting of the first coils 1 and 
those of the third coils 21 are connected to the input terminal 
of the differential amplifier 22, respectively. Note that the 
corresponding rows at the upper and lower sides, of the first 
coils 1 and the third coils 21 are connected such that they are 
actuated with the differential amplifier 22 in an interlocking 
manner with use of an interlocking switch 23. From the 
differential amplifier 22, signals corresponding to the 
difference between signals resulting from electromagnetic 
coupling between the coil rows consisting of the first coils 
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1 and the coils of the second coils 2 and signals resulting from 
electromagnetic coupling between the second coils 2 and the third 
coils 21 are outputted. These outputted signals are 
synchronized with the output from the oscillator at the drive 
circuit side and then detected in the synchronous detection 
section 8, whereby detection of the pressure distribution, that 
indicates against which locations in the coils disposed in a 
matrix state pressure is applied, can be effected. 

[0045] Note that the pressure detecting apparatus 

utilizing electromagnetic coupling according to the present 
invention is not limited to the illustrated examples as described 
above, and various modifications of the apparatus can be made 
naturally within the scope that does not depart from the subject 
matter of the present invention. For example, though a 
plurality of first coils 1 are connected in the X-axis direction 
and then connected to the detection circuit, and a plurality 
of second coils 2 are connected in the Y-axis direction and then 
connected to the drive circuit in the illustrated example, or 
a plurality of third coils 21 are connected in the X-axis 
direction and then connected to the drive circuit and/or the 
detection circuit, the present invention is not limited to such 
a configuration, and the present invention includes other 
configurations, for example, where X-axis and Y-axis are 
reversed, or the drive circuit and the detection circuit are 
reversed. Furthermore, including the 

differentially-detecting mode, the sensor sections of the 
pressure detecting apparatus according to the present invention 
may be disposed in a matrix state in order to measure the pressure 
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distribution, however, only one set of coils may be used when 
it is required to measure pressure in only a part. 

[0046] The present invention can be utilized not only for 

performance assessment tests for car seats and investigation 
of visitor movements at a shop as described above but also for 
input pad for game machines and so on. 



